i 



PATENT ABSTRACTS OF JAPAN 

(11)Publication number : 07-005188 
(43)Date of publication of application : 10.01.1995 



G01P 5/20 

(51)lnt.CI. 



(21) Application number : 05-170992 (71)Applicant : ANRITSU CORP 

(22) Date of filing : 17.06.1993 (72)lnventor : SUZUKI TSUNEO 



(54) CURRENT MEASURING EQUIPMENT 



2/7 



la, 



S 3. 



4; 



Inf.* 














1 








(57)Abstract: 

PURPOSE: To provide a current measuring 
equipment effecting noncontact remote 
measurement of current velocity of a river 
over a wide range through image 
processing without requiring any special TV 
camera in which the equipment is not 
required to be installed in the current and 
thereby it is protected against fracture due to storm while facilitating the work 
and maintenance. 

CONSTITUTION: A TV camera 1 disposed at a position separated by a 
predetermined distance from the surface of current to be measured picks up the 
surface image of current every predetermined time. The frames picked up every 
predetermined time are stored in image memories 3a, 3n. The frames are then 
subjected to correlation by a correlation unit 5 and feature points, e.g. wave and 
floating matters, are extracted by an extracting means 6. A pixel number 
calculating means 7 detects the moving amount thereof. Current velocity is then 
operated based on the moving amount and the time difference between frames. 
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* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] An image pick-up means (1) to photo the front face of a fluid, and a 
storage means to memorize the 1st and 2nd images which separate 
predetermined time amount and this image pick-up means photos (3), These 1st 
and 2nd images each A detection means to detect the similar field in the 1st 
image which measures a part of similarity and is most similar, and the similar 
field in the 2nd image (4, 5, 6), this - the rate-of-flow metering device equipped 
with an operation means (7 8) to calculate the rate of a fluid using the location of 
the similar field in the 1st image, and the similar field in the 2nd image. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the rate-of-flow metering device 
which measures the rate of flow of a river etc. by the image processing. 
[0002] 

[Description of the Prior Art] Conventionally, there is a method of passing a float 
to a river in this kind of rate-of-flow metering device. The float floated on the 
water surface does not carry out visual observation of the distance which moves 
on the water surface, and automation of this was not completed. Moreover, 
although there is also an approach using the Doppler effect by microwave, since 
there is constraint of the Wireless Telegraph Law superiors, it is not practical. 
Therefore, invention which searches for the rate of flow on the front face of a 
liquid was made by seeing the concavo-convex pattern on the front face of a 
liquid using thermal imagery equipment, considering as Kami's temperature 
pattern, and measuring the movement magnitude of the temperature pattern. 
[0003] 



[Problem(s) to be Solved by the Invention] However, work etc. was difficult in 
order to install equipment into the flow of a river in these conventional 
rate-of-flow metering devices. Moreover, a means for thermal imagery 
equipment to be required for the approach using a temperature pattern, and to 
extract a specific temperature pattern from two or more temperature patterns is 
not indicated. Moreover, it is necessary to install the reference point used as the 
criteria of migration in the opposite shore etc. This invention is made in view of 
such a situation, make measurement possible by considering as non-contact 
telemetering at a large area, and let it be a technical problem to solve the 
above-mentioned fault. 
[0004] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem, as shown in drawing 3 , in the rate-of-flow metering device of this 
invention, the front face of a fluid is picturized with a television camera. The 
picturized frame for every fixed time amount is memorized, and the movement 
magnitude of a wave, suspended matter, etc. is detected using inter-frame 
correlation processing. The rate of flow is calculated from the movement 
magnitude and predetermined inter-frame time difference. Specifically, it 



considered as the configuration of ** - ** below. 

** An image pick-up means to photo the front face of a fluid, and a storage 
means to memorize the 1st and 2nd images which separate ** predetermined 
time amount and this image pick-up means photos, ** each of the 1st and 2nd 
images - the detection means and ** which detect the similar field in the 1st 
image which measures a part of similarity and is most similar, and the similar 
field in the 2nd image — an operation means to calculate the rate of a fluid using 
the location of the similar field in the 1st image, and the similar field in the 2nd 
image. 
[0005] 

[Function] Thus, according to the metering device, with ** television camera, at 
least the constituted water photos the water surface of a river with the level 
horizontal field angle of fixed length, and memorizes two images of time 
difference deltaT in memory. ** Compute travel deltaL, such as a wave of the 
water surface, and suspended matter, by the image processing from two 
memorized images. ** Surface velocity is computable with the operation of delta 
L/delta T. 
[0006] 



[Example] Next, one example of this invention is explained with reference to a 
drawing. 

[The 1st example] 

(Explanation of the example of device installation) Drawing 3 is the external view 
showing the example which installed this invention. As shown in drawing, an 
installation include angle is adjusted so that a television camera may photo the 
predetermined water surface. That is, the level horizontal field angle of 4m 
shown in drawing is picturized. The image output of a television camera is 
transmitted to the processor installed in other locations, and the rate of flow can 
be found. That is, the remote image monitor of the water surface is realized. 
[0007] (Explanation of a configuration) Drawing 1 is the block diagram showing 
the 1st example of this invention, the television camera 1 which is the image 
means boiled and arranged in fixed distance from the water surface photos the 
water surface of a river. The picture signal is changed into a digital signal with 
A/D converter 2. The digital signal is memorized with the image memory 3 which 
is a storage means, respectively according to the picturized frame time. A 
detection means consists of an image division means 4, and correlator 5 and the 
extract means 6. The image division means 4 divides the memorized image data 



into a small region. Correlation is taken for the image data divided, respectively 
with correlator 5. The extract means 6 extracts the focus from correlative data. 
An operation means consists of a number calculation means 7 of pixels, and a 
rate-of-flow calculation means 8. The number calculation means 7 of pixels asks 
for the number of pixels between each of the extracted focus. The rate-of-flow 
calculation means 8 computes the rate of flow based on the number of pixels, 
and the criteria data (the die length of horizontal angles of view) beforehand set 
up with the reference-value setting-out means 9. Horizontal angles of view are 
determined in the property of a television camera 1 , and the distance to the 
water surface and a television camera 1. 

[0008] (Explanation of processing) Drawing 2 is a flow chart for explaining 
processing of an example. A picture signal is inputted for every fixed time 
amount with a television camera 1 (a). A picture signal is memorized to n image 
memories 3, respectively (b). It is a small region Z1 within the 1st picture signal 
memorized in the image memory 3 beforehand. It sets up (c). Small region Z1 A 
correlation coefficient with the small region within the 2nd [ of near ] picture 
signal is calculated (d). Small region Z1 Small region Z2 where a correlation 
coefficient serves as max It extracts (e). Small region Z2 A correlation coefficient 



with the small region within the 3rd [ of near ] picture signal is calculated (f). 
Small region Z2 Small region Z3 where a correlation coefficient serves as max It 
extracts (g). Similarly, it is small region Zn-1 . Small region Zn where a correlation 
coefficient serves as max It extracts (h). Small region Z1 Small region Zn Travel 
deltaL, such as distance, i.e., a wave etc., is computed (i). The rate of flow is 
computed from the time difference delta T and delta L of the 1st image input time 
of day and the n-th image input time of day (j). In addition, a correlation 
coefficient C is called for by several 1 . 

[0009] Several 1 [0010] Moreover, two or more setting-out points are prepared, 
and the rate of flow is computed per each point. It can also perform equalizing 
the remainder except for the processing which makes an error small, for 
example, maximum, and the minimum value from the value etc. Furthermore, 
when there is more than no constant value (Example C= 0.5) in the correlation 
coefficient value of the calculated small region group, processing is rerun from 
the beginning and a measurement accuracy is raised. 
[001 1] (Explanation of the example of an experiment) Drawing 4 is drawing 
showing the example of an image in the 1st example of this invention. Horizontal 
angles of view are set to 4m in an experiment. The image of five frames was 



inputted and it was referred to as time difference deltaT=5/30sec. Thereby, it is 
Lg 1 pixel. It is set to Lg =4m / 512 pixels = 0.78125cm. As shown in drawing 4 , 
there is the eight focus from which the correlation coefficient value turned into 
more than constant value. About the movement vector, it is Vn. It is shown. Here, 
it is V1 -V8. As for total of movement magnitude, 164 pixels is detected, and, as 
for average movement magnitude deltaL of the focus, deltaL=164xL / 8= 16cm 
are computed. As for the rate of flow, 16/(5/30) =96 cm/sec is computed. 
[0012] As mentioned above, although digital processing explained, it cannot be 
overemphasized that it is possible even if a camera, correlation processing, etc. 
are analog systems (for example, JP,60-34317,B by the same applicant 
"television picture analog correlation equipment"). In addition, as a detection 
means of similarity, although correlator was used, it does not restrict to this. For 
example, two patterns are piled up and difference is taken in each location. 
Difference is squared, and it ** and unites in the whole small region. Two 
patterns will be similar, so that this value is small. 

[0013] The [2nd example] In the 1st example, horizontal angles of view should 
be set up beforehand. However, when the water level of a river changes, in order 
for horizontal angles of view to also change, it is necessary to compute water 



level with a means to explain below, and to amend horizontal angles of view 
automatically. Therefore, the water level computed by this example is set as the 
reference-value setting-out means 9 of the 1st example. 

(Explanation of the example of device installation) Drawing 5 is the external view 
showing the example which installed the equipment of this example. As shown in 
drawing, it has one more set of a television camera, and the steel tower installed 
in the route side which separated the bank from the water surface of a river is 
equipped with two sets of television cameras. It enables it to measure water 
level for a projector [ other than a television camera ] also at night. An installation 
include angle is adjusted so that two sets of television cameras may photo the 
same water surface. Moreover, the image output of a television camera is 
transmitted to the processor installed in other locations, and water level can be 
found. That is, the remote image monitor of the water surface is realized. 
[0014] (Explanation of a principle) As drawing 6 shows, the same water surface 
is photoed by two sets of the television cameras arranged on the straight line 
which is in the equal distance from the water surface for measurement. Water 
level is calculated when a field angle difference arises by the water level of this 
water surface to the image pick-up pattern of two sets of television camera 



images. The field angle difference extract of two sets of television camera 
images is performed by catching the focus (a wave, suspended matter, etc.) of 
the water surface by the image processing. Specifically, water level is searched 
for with the relation shown by drawing 7 . If the horizontal angle of 2L and the 1st 
television camera is set [ the horizontal angles of view of S and the 1st television 
camera ] to theta for spacing of 2phi, the 1 st television camera, and the 2nd 
television camera, the number of horizontal picture elements of the 1st television 
camera It is relational expression when the point Pn resemblance field on 
vertical 2 bisectrix O-M of the 1st television camera and the 2nd television 
camera (focus) is in the n-th pixel from the left of the photography image of the 
1st television camera. OPn=L-tan lambda=L-tan (theta+phi-2 phi-n/S) ... (2) 
It ******. Furthermore, OPs is calculated beforehand in the criteria location. 
Water level is searched for from the water level at that time, OPs, and OPn 
calculated by several 2. 

[0015] (Explanation of a configuration) Drawing 8 is a block diagram for 
computing water level which is the 2nd example of this invention. 1st television 
camera 1a arranged on the straight line which is in the equal distance from the 
water surface, and 2nd television camera 1b photo the water surface of a river. 



The picture signal is changed into a digital signal with 1st A/D-converter 2a and 
2nd A/D-converter 2b, respectively. The digital signal is memorized by 1st image 
memory 3a and 2nd image memory 3b, respectively. The 1st and 2nd image 
division means 4a and 4b divide the image data memorized, respectively. In 
order to measure the similarity of each of the divided data, correlation is taken 
with correlator 5. The focus is extracted from correlative data in the extract circuit 
10. It asks for the pixel location of the extracted focus with the number 
calculation means 1 1 of pixels. The calculation means 12 computes water level 
based on the criteria data (relation between the water level searched for with 
another means, and a pixel location) to which at least water was beforehand set 
with the pixel location and the reference-value setting-out means 13. As for the 
calculation means 12, at least water outputs the computed water level to the 
reference-value setting-out means 9 of the 1st example. The reference-value 
setting-out means 9 amends horizontal angles of view from change of water 
level. In addition, the exposure time of 1st television camera 1a and 2nd 
television camera 1b can be shifted, and an A/D converter can also be shared. It 
is because a difference will not appear in the image of the water surface for 
measurement if time difference is one-frame (1 / 30 seconds) extent. 



Furthermore, it can serve both as the 1st television camera 1a, A/D converter 2, 
an image memory, etc. with the component of the 1st example. 
[0016] (Explanation of processing) Drawing 9 is a flow chart for explaining 
processing of an example. A picture signal is inputted from 1st television camera 
1a and the 2nd television camera 1b (a). A screen is divided into the small region 
(in this example, it could be 9 pixel x9 pixel.) which met the horizontal center line 
(b). The correlation coefficient between the small regions where the image of 1st 
television camera 1a and 2nd television camera 1b corresponds is calculated (c). 
The small region used as the max of the correlation coefficient for which it asked 
is extracted (d). The number of pixels from the left in the image of 1st television 
camera 1a of the corresponding maximum correlation coefficient is computed (e). 
The distance from the 1st television camera 1a to the water surface is calculated 
by several 2 (f). Based on the criteria data beforehand set up with the distance 
and the reference-value setting-out means 13, the vertical distance from the 1st 
television camera 1a to the water surface is found by several 2 (g). The water 
level which should be searched for is computed from the vertical distance and 
the water level of the criteria location measured beforehand (h). 
[0017] Thus, this example serves as an effective means, when [ with an 



unknown distance from a measurement part to the fluid of the measuring object ] 

case and changing. 

[0018] 

[Effect of the Invention] This invention photos the water surface for every fixed 
time amount with the television camera arranged in fixed distance from the water 
surface for measurement, as explained above. The inter-frame correlation 
coefficient detects the movement magnitude of the focus. The rate of flow is 
calculated from the movement magnitude and inter-frame time difference. 
Therefore, it is not necessary to install equipment into the flow of a river, and 
work and a maintenance are easy and are not damaged in the time of heavy rain 
etc. Moreover, it is not necessary to prepare a special television camera. 



[Translation done.] 
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